Introduction Introduction
Leucite based ceramic materials are being a subject of an extensive scientific interest in recent years, especially in a field of dental prosthesis. Ceramic structures are used to replace missing teeth, tooth structure lost to disease or trauma, and unaesthetic, but otherwise healthy, tooth enamel [1] . The significant attributes of dental ceramics are its aesthetical (it can be coloured to closely resemble teeth it must replace) and chemical (stability toward oral flora and corrosive components of foods and saliva) qualities. The presence of leucite, exhibiting high values of a thermal expansion coefficient, in a porcelain matrix enables its fusion to metal reinforcement and so to achieve high mechanical strength. In addition in last few years it was hypothesized that leucite thanks to its phasetransition behaviour could potentially toughen leucite-glass (porcelain) systems and so lead to dental materials having high fracture toughness [2] .
The demand for leucite ceramics having high fracture toughness arose the necessity to develop a new suitable technology of its preparation.
Previous studies [3] have investigated new preparation procedures of homogeneous leucite powders using hydrothermal conditions. As these technologies were found very promising, further research was carried out. The present paper reports X-ray powder diffraction study of leucite crystallisation from amorphous precursors prepared by hydrothermal synthesis. It is of special interest to monitor the process of leucite phase transformation from cubic to tetragonal form seeing that this transition is substantial for the toughening mechanism in leucite dental ceramics. 
Experimental Experimental
Amorphous alumosilicate powders were prepared as a precursor material by hydrothermal synthesis.
Starting sols were prepared from fine-ground amorphous silica powder (SiO 2 , Polskie Odczynniki Chemiczne Gliwice, PL), sodium hydroxide solution (NaOH, Lachema, CZ) and aluminium powder (Al, Lachema, CZ). These materials were preceded hydrothermally at 200°C for 2h in a Teflon lined stainless steal autoclave. After the hydrothermal treatment, the content of the autoclave was washed with boiling distilled water, vacuum filtered and dried in an oven at 100°C.
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Experimental
Prepared amorphous powders were subsequently heated at 800°C, 900°C and 1000°C for definite time periods.
X-ray powder diffraction data were collected at room temperature with an X'Pert PRO powder diffractometer using parafocusing Bragg-Brentano geometry using CuK α radiation (λ = 1.5418Å, U = 40kV, I = 30mA). Data were scanned over the angular range 5-60°(2θ) with a step size of 0.02°(2θ) and a counting time of 0.3 s step -1 . Data evaluation were performed in the software package HighScore and the degree of crystallised leucite was determined by quantitative analysis using external standard of pure low tetragonal form of leucite. 
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Experimental
Temperature dependant X-ray powder diffraction (TDXD) was carried out with a Bruker AXS D8 powder diffractometer using CuK α radiation (λ = 1.5418Å, U = 40kV, I = 30mA). Sample was placed on a platinum/rhodium ribbon in a MRI high-temperature oven-camera and variable primary slits were used to fix the constant irradiated length of the sample (20 mm). Data were scanned over the angular range 25-28°(2θ) with a step size of 0.02°(2θ) and a counting time of 1.2 s step -1 . The heating and cooling process was completely controlled by Eurotherm 2404 control unit. Sample was heated with rate 100°C/min, details are presented in table 2.
The process involved two heating and cooling cycles, starting with a hydrothermally synthesised amorphous powder. During the first temperature treatment, the crystallisation of high cubic leucite on heating and its transition to low tetragonal form on cooling was monitored. The reversibility of the transformation was studied at the second cycle. Table 1 gives conditions of the high temperature treatment (heating temperatures and times) and corresponding percentage of leucite formed from amorphous precursor. The percentage of crystallised leucite sharply rises with growing temperature. Figure 1 compares XRD traces of samples after six hours of calcination at 800°C, 900°C and 1000°C. At 800°C no traces of crystallisation were observed, on the other hand at 1000°C completely crystallised product was obtained. Figure 2 illustrates the crystallisation process at 1000°C, starting with amorphous precursor material. Significant formation of leucite was recorded already after 30 minutes and the process is completed after 6 hours of the heating.
Results and discussion
Results and discusion
Figure 3 demonstrates first temperature treatment cycle. Starting with hydrothermally synthesised amorphous powder, the first sign of crystallisation was observed at 1100°C. Significant high temperature leucite phase formation was recorded at 1200°C, observing the (400) reflection, the strongest line of cubic leucite. During the cooling process the (400) reflection is split into the two tetragonal reflections (004) and (400) at about 550°C. The transition into the tetragonal form is finished at about 400°C. At room temperature only the tetragonal form was present in a measured sample.
The course of the second cycle is illustrated at figure 4. Staring with a material obtained after the first cycle, the formation of the high temperature cubic leucite phase was first observed at about 500°C. The process was completed at about 600°C, when tetragonal phase reflections (004) and (400) integrated into the (400) reflection of the cubic phase. Reverse transformation proceeded identically with the first cycle upon cooling.
Conclusions Conclusions
!
The minimum calcination temperature for the crystallisation of leucite from hydrothermally synthesised amorphous precursor is 900°C.
The optimal temperature for the preparation of leucite is 1000°C, whereat the crystallisation starts already after 15 minutes of the calcination.
! High temperature X-ray diffraction analysis demonstrated full phase reversibility of the prepared leucite.
The transformation from high temperature cubic leucite phase into the low tetragonal leucite occurs at about 550°C. 
